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Introduction

The system requirements and hardware implementation for electro-
magnetic compensation of antenna performance degradations due to
thermal effects has been investigated. Future commercial space
communication antenna systems will utilize the 20/30 GHz frequency
spectrum and support very narrow multiple beams (0.3 degrees) over
wide angle field of view (15-20 beamwidth)[1]. On the ground,
portable and inexpensive very small aperture terminals (VSAT) for
transmitting and receiving video, facsimile and data will be
employed. These types of communication system puts a very stringent
requirement on spacecraft antenna beam pointing stability (<.01
degrees), high gain (> 50 dB) and very low sidelobes (< -25 dB).

Thermal analysis performed on the advanced communication technology
satellite (ACTS) has shown that the reflector surfaces, the mechan-
ical supporting structures and metallic surfaces on the spacecraft
body will distort due thermal effects from a varying solar flux [2].
The antenna performance characteristics (e.g., pointing stability,
gain, sidelobe, etc.) will degrade due to thermal distortion in the
reflector surface and supporting structures. Specifically, antenna
RF radiation analysis has shown that pointing error is the most
sensitive antenna performance parameter to thermal distortions.
Other antenna parameters like peak gain, cross polarization level
(beam isolation) and sidelobe level will also degrade with thermal
distortions [2]. In order to restore pointing stability and in
general antenna performance several compensation methods have been
proposed [3]. In general these compensation methods can be classi-
fied as being either of mechanical or electromagnetic type. This
paper will address only the later one. In this approach an adaptive
phased array antenna feed is used to compensate for the antenna
performance degradation.

Extensive work has been devoted to demonstrate the feasibility of
adaptive feed compensation on space communication antenna systems
[4]. This paper addresses the system requirements for such a system
and identify candidate technologies (analog and digital) for
possible hardware implementation.

Thermal Distortion Analysis and Discussion

The system requirements for implementing electromagnetic compensa-
tion may be derived by considering the ACTS multibeam antenna system
configuration and a 19 element phased array feed [5]. The ACIS
multibeam antenna system is a dual reflector cassegrain system (fig.
1). Thermal distortions are simulated by varying the amplitude of
a sinusoidal surface superimposed over the main reflector. Peak
distortion considered in the analysis varied between O mils to 400
mils. Table 1 summarizes the antenna performance parameters (gain,
sidelobe level, pointing, etc.) as a function of the peak distor-
tion. Table 2 shows the compensated antenna performance parameter
by using a 19 element and a 7 element phased array feed.

The RF antenna performance simulation results indicated that beam
pointing and end of coverage (EOC) can be severely be affected by
thermal distortions. It is shown that the EOC can be degraded by as
much as -10 dB for a peak distortion of 202 mils. If electromagnetic
compensation is used the EOC gain can be recovered to within 0.5 dB



of the undistorted wvalue.

Another antenna parameter sensitive to thermal distortions is beam
isolation. The RF antenna performance simulation showed that beam
isolation under thermal distortion was in the order of -10 dB. Beam
isolation is defined as the interference polarization component of
adjacent beams in a multibeam system. The typical specification for
an ACTS type system is -25 dB. With electromagnetic compensation
the beam isolation can be recovered to the specified level of =25
dB.

An infinite resolution in amplitude and phase control of the feed
array element was assumed for all RF antenna performance simula-
tions. For example, for a peak distortion of 50 mils it was found
that a very fine differential amplitude control (0.3 dB) and phase
control (3 degrees) were necessary for each array feed element. If
an analog phased array feed is used a 12 bit MMIC phase shifter and
8 bit SSPA amplitude resolution are required for compensation. If
a digital beamforming array is used a 12 bit A/D converter with a
1GHz bandwidth is required for compensation.

Analog Compensation System Implementation

A possible analog compensation implementation is presented in figure
2 [3). The compensating phased array includes a phase detector, an
amplitude detector and phase conjugator. These modules are usually
not included in a typical analog beamforming phased array. A
possible phase detector module architecture can be described as
follows; The incoming RF signal at each array element is coherently
detected and down converted to intermediate frequency (IF)(6]. The
module performs a product integration of the IF signal with locally
generated in-phase and quadrature IF signals. The results are used
to estimate the phase of the received signal.

The adaptive compensation antenna system utilizing an analog phased
array feed can be described as follows; a pilot signal from the
desired ground station is received by the spacecraft receiving
antenna and is detected by the phased array. The compensating
analog phased array feed acquires the amplitude and phase informa-
tion at each element location, and their conjugate value serves as
the transmitting compensating excitations.

The system requirements can be established by considering the 58
mill distortion case. For this value the phase detector module will
require relative phase resolution of 3 degrees and the amplitude
detector module will require amplitude resolution in the order of
0.3 dB.

Digital Compensation System Implementation

A block diagram for a digital compensating array implementation is

presented in figure 3. Electromagnetic compensation with the
digital signal processing arrays is performed quite differently than
its analog counterpart. The compensating system is described as

follows; In the received mode, the received signal output from a the
desired ground station is optimized with respect to the noise
output. The optimization algorithm will estimate an optimum set of
excitation coefficients for maximum signal to noise output. No need
for pilot signal to be send from the ground station is necessary in
this compensation format and no need for extra hardware modules for
detecting the received phase and amplitude of each array element. In
the transmit mode the corresponding optimum set of complex excita-
tion coefficients found in the receiving mode are used to transmit
the compensated antenna pattern.



By using digital circuitry it is not difficult to resolve differ-
ential amplitudes in the order of 0.3 dB and differential phase in
the order 3 degrees. The technical limitations of using digital
beamforming phased arrays at the present time arises when bandwidth
of 1 Ghz or greater are required. Present technology in A/D or D/A
are far from meeting these requirements which limits the amount of
information that can be transmitted using digital beamforming
arrays.

Future Work

We have investigated the system requirements for possible implemen-
tations of compensation scheme for advanced space communication sys-
tems. We also realize that presently the technology is far from
being able to support such demanding system requirements. With the
advent of low temperature superconductivity (LTS) for near term
applications and high temperature superconductivity (HTS) for far
term applications, higher bandwidth (2 -5 Ghz) and computing speed
(.001 microseconds) can be achieved with digital circuitry. This
innovative technologies provides the digital signal processing
unlimited performance enhancements. In the near future technologies
like LTS and even HTS might make the concept of adaptive compensa-
tion more robust for applications in future space communication
antenna systems.
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TABLE 1 — Antenna Performance Parameters

Parameter Directivit Sidelobe Pointing
Distortion Y1 Level Error

(mills) (dB) (dB) (Deg.)
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TABLE 2 - Compensated Antenna Performance Parameter

Parameter Directivit Compensated Compensated] Fointing
Distortion Y| Directivity Cross—Pol
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Parameter 20GHz | 30 GHz

D (Main reflectordiameter, inches) 129.9 86.6
A (Offset distance, inches) 50.0 44.0
- F (Main reflector focal length, inches) 132.0 88.0

Gridded front subreflector
Focal length, inches 69.0 44.5
Magnification factor 2.0 2.0

Solid back subreflector '
Focal length, inches 52.4 32.4
Magnification factor 2.0 2.0

Figure 1. ACTS Multibeam Antenna Geometry
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Figure 2. Analog Compensation System Implementation
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